) [P lates 5 an d 6] C ry stal g row th fro m so lu tio n Single crystals of the cubic form of sodium chlorate are studied in growth from aqueous solution. An interferometric technique measures, via refractive index, concentrations and gradients of concentration contiguous to the crystal. The rates of advance of individual faces are measured and compared with predictions derived from the N em st supposition, namely, th a t the concentration is saturation a t a crystal face and th a t the facial rate of advance depends only on diffusion. I t is found th a t faces sometimes grow a t rates consistent with this supposition, but th a t on other occasions smaller rates of growth are observed, in cluding instances of complete stoppage of growth. I t is also found th a t individual faces can change discontinuously from one rate of growth to another. The observation of Berg, th at concentration and normal concentration gradient are functions of position at the face, is developed, and empirical equations are obtained for the functions which connect the rate of growth with the concentration and gradient distribution along the face. To account for the advancing surface remaining plane, notwithstanding the non-uniformity of normal concentra tion gradient along it, it is necessary to suppose a transport of material along the face. Some observations on dissolution have been made, and a non-uniformity of concentration along a dissolving face is found and discussed.
A crystal growing in solution obtains its m aterial by diffusion of the solute. Because the diffusion process is slow in comparison with crystallization, m aterial removed by the growing crystal is not instantaneously replaced, and there results an im poverishment of the solution near the crystal and a system of concentration gradients around it. I t was assumed by N ernst th a t the activity of the crystal m aintained the concentration a t its surface a t the saturation value, and th a t growth depended only on the presentation of material by diffusion. Early attem pts to verify this assump tion employed high rates of stirring with the object of reducing the zone of nonuniform concentration to a small residual layer. Fick's law of diffusion could then be employed across the residual layer w ithout integration. B ut the results were not consistent, mainly because of the uncertainty in the thickness of the residual unstirred layer. Valeton (1923 Valeton ( , 1924 considered theoretically a crystal growing in an infinite, unstirred, solution. In order to account for the observed differences of rate of growth amongst different types of face (indicating th a t diffusion is not the only operative factor), a suggestion due to Berthoud (1912) was employed. I t was assumed th a t the concentration, ca, a t the crystal was intermediate between the value, cm, far from the crystal, and the saturation value, c8, and th a t growth was proportional to this local supersaturation. The equation was used Ga = Hca-c 8),
* N ow a t B irkbeck College, London.
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where Ga is the mass per unit area per second entering the crystal, and is a constant dependent only on the nature of the crystal surface and which can be different for different types of surface. For mathematical simplicity a polygonal crystal was assumed to be equivalent to a spherical crystal of radius a. The flow per second across any spherical surface in the solution is, from Fick's law, 4 7 where D is the diffusion constant of the solution and r is the radius of the surface measured from an origin at the centre of the crystal. This flow is, in the stationary state, independent of r, and the concentration at r is obtained by integrating between the boundaries c = c00a t r = oo and c = ca at c -c a>~~ ( ) (C oo -)• From Fick's law and the definition of Ga we have whence Ga = (Dja) (c< X 3-ca) . (2) The radial rate of growth is dajdt, and crystal. The state of affairs is represented by simultaneous solution of (1) and (2) 
Equations (3) and (4) show how simultaneous measurement of rate of growth and concentration can test the comparative validity of the Nemst and Berthoud assumptions. The Nernst assumption is that k is very large compared with D, so that ca tends to cs, and (3) becomes the purely diffusive
The first simultaneous measurement of rate of growth and concentration was made by C. W. Bunn (1932, unpublished work at I.C.I. Ltd.) . The crystal used was cubic sodium chlorate, and it was found that the problem was more complex than expected because the concentration was not uniform along a crystal face; it had a minimum at the face centre. I t was also found that faces of the same type in one crystal could have different rates of growth, indicating that growth can depend on something in addition to the type of face and the diffusive environment. Berg (1938) , in con tinuation of Bunn's work, noted also that the component of the concentration gradient normal to the face (which is proportional to the exit of solute per unit area per second from the solution) was not uniform along the face, being a maximum at the face centre. Since the face grows as a plane, there must be a transport of material along the face in a layer too small to be observed. He suggested that this layer might be identified with a Volmer adsorbed phase (Volmer & Estermann 1921) .
The present paper describes further work on sodium chlorate crystals, employing the technique of Bunn and Berg. Figure 1 shows, not to scale, the arrangement of the apparatus and the physical dimensions of certain parts. A small crystal of side about 0-03 cm. and height about 0-01 cm. is grown in a film of supersaturated solution between two partially reflecting optical plates. I f the film is wedge-shaped, Fizeau fringes are formed in the film. Crystal and fringes are photographed in plan through a microscope, using low magnification of from 10 to 20 linear. 
E xperimental technique
O sira' H g v ap o u r arc, w ith glass p ro tectin g bu lb rem oved F ig u r e 1. D iag ram m atic arran g em en t of th e a p p a ra tu s, n o t to scale.
The concentration gradients around the crystal distort the fringes and are measured thereby. In addition, the rates of advance of the four free faces are measured, and the desired simultaneous observation of concentration and rate of growth is thus achieved. Let refractive index be n, and height of the wedge t (see figures 2 a and b).
a. E lev atio n 
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Consider a fringe which, far from the crystal, is formed along a straight line of constant wedge height t^,at a constant distance from the apex of the wedg the crystal is approached, and the refractive index is reduced from its value, n^, far from the crystal to a less value, n, near the crystal, the fringe, which is a locus of constant optical path n tbetween the plates, is deviated in the direction of inc wedge height a distance b, say, and is formed where the wedge height is t. We have W oo *00 = W*, therefore = n(dm + b), whence n -ñ-7-00. . d^ + b Equation (5) was used to measure the refractive index at any point on any fringe. na, is for the solution initially used and is measured separately.
is measured by means of the travel of the microscope stage, high accuracy not being necessary. b is the important measurement and is measured as accurately as possible on the photographic plate. The magnification of the system must be known, taking care to observe any aberration over the field of view. The optical plates must be of a planeness such that fringe distortion caused by departure from planeness is less than the error in locating a fringe. The planeness must hold good over the whole plate surface because (5) assumes that BA in figure passes through the apex O, which will not be the case if there is any curvature of the surfaces.
A variation of the arrangement, in which the plates were mutually parallel, was also used. Fringes are then formed which are loci of constant refractive index, and are located where 2 nt is an integral number of wave-lengths, t being now con The difference of n between two successive fringes is A/2£, where A is wave-length, so th at if N fringes are counted from the region of uniform far from the crystal to a fringe near the crystal where the refractive index is n, we have
In practice the order of interference far from the crystal will not necessarily be integral, and we must write -n = (N + e) A/2 where ei s a fraction which can be estimated from the tint of the region of uniform refractive index.
High accuracy requires close fringe spacing, and hence, with given gradients, large t. But the fringes degrade in contrast and eventually vanish if t is increased too much. The utility of this method is therefore limited. But it affords the same accuracy as the wedge method when high rates of growth, providing large gradients, are employed. Since ni s a function of the concentration, the fringes are c of equal concentration, and the method is therefore convenient for qualitative interpretations of photographs.
Absolute error in these methods is about ± 2 in the fourth decimal place of n. Relative error in one photograph is less and can be kept down to ± 5 in the fifth decimal place.
The crystals in the present work were allowed to form spontaneously in the supersaturated film, glass spacers being used to maintain the separation between the plates. This method has the advantage th a t the crystal is undisturbed throughout its history, but there is a disadvantage in th a t the crystals do not always grow up to fill the space between the plates. Diffusion can then take place over the top of the crystal and affect the results. Check experiments were, however, made in which the upper plate rested directly on a pre-grown crystal, and it was established th a t the main features of the results were not affected by the presence of a small diffusion path over the top of the crystal.
S. P. F. Humphreys-Owen

Measurement of relationship between refractive
INDEX AND CONCENTRATION
Solutions were made up from sodium chlorate 'Pure Crystals' supplied by Hopkin and Williams. The solute was recrystallized once and solutions were filtered free of dust, was measured on a Pulfrich refractometer made by Adam Hilger Ltd. Illumination in all the present work was the A 5461 radiation from a mercuryvapour arc. The results were converted to a standard tem perature of 18° C by employing the measurements on tem perature variation of n for sodium chlorate aqueous solutions given by Meiers & Isaac (1906) , and are presented in table 1. Over the range of concentration 46 to 56 % the relationship is linear in accordance with the empirical equation Wi8oC = 1-32414 + 0-00136c (4 6 % < c < 5 6 % ), b u t below 46 % the relationship departs from the above linearity.
Concentrations were expressed as percentage supersaturated (c -cs) by the use of figures for the solubility of NaC103 taken from
International Critical Tables, which yield a linear relationship with tem perature in accordance with c8 = 44-35 + 0-232* (0° C < 40° C).
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The experimental results were compared with a simplified treatment based on Valeton's method ( § 1). The crystal of rectangular plan was assumed to be replaceable by a circular crystal of radius a. A uniform, constant concentration, c^, was assumed to exist at and beyond a radius r0 measured from the centre of the crystal. This assumption will be later justified. In two dimensions, the flow in the stationary state across a circumference of radius r is 2nrD(dc\ and is inde forward the treatm ent follows similar lines to that given in § 1 and we obtain
Strictly there would not be a stationary state (upon which assumption the above is based), unless there were a source at r0 and a did not increase with time. But an approximately stationary state in practice exists, for it is observed experimentally that, except when the crystal is very small, the fringe system changes only slowly with time. The region surrounding the crystal, in which c is non-uniform, extends slowly at a rate of the same order of magnitude as the rate of growth of the crystal. It is found that r0 maintains an approximately constant ratio of 3 to 1 to the half-side of the crystal. Thus, in place of attempting the rigorous solution of the true dilfusion equation in dc/dt, actual rates of growth were investigated in the fight of (7) and (8), employing a constant value for the term loge (rja).
Rates of growth of individual faces were measured by the advance of each face from the estimated nuclear point of the crystal (usually recognizable by a lack of transparency caused by irregular lattice formation in the first instants of growth). The distance, y, thus advanced by a face was made equivalent to the radius, a, of the circular crystal, where a was assumed to equal the mean of y and the half diagonal y f2 . Rates of growth were first investigated in the light of the Nernst assumption, namely, that Djk = 0, and ca = cs. In this case (7) and (8) become
The ratio Djp has been measured by a method to be described later. Its value is 6*8 x 10_8cm.2/sec. adajdt is equivalent to ~?/2. If the value of r0/a is taken as 3, the logarithm term is 1*1. (10) is then equivalent to (10a) = 8 -6 7 x l0 -» (c .-c ,).
15-2
Equation (10a) suggests testing the constancy of (d/dt) y% , which will be given the symbol L hereafter. I t was, in fact, found th a t L was constant for individual faces, but th a t it often had different values amongst the faces of a crystal. I t was also found th a t L could change from one value to another in the course of a face's history. Figure 3 is the record of growth over a period of 40 min. of the four free faces of one crystal. The constancy of L is seen, as well as its differing values amongst the faces.
S. P. F. Humphreys-Owen m in u tes from s ta r t of experim ent
Figure 3. T he ra te s of change of y2 , th e square of th e distanc nucleus, for th e four faces of a n ind iv id u al cry stal. F ace CD u n d erw ent a change of ra te of grow th betw een th e first a n d second exposures.
su p e rsa tu ra tio n ( c^-c , ) in g. solute/100 g. solution One change of L is shown. I t is, of course, unexpected that all faces (when they have different rates of growth) should preserve constant L; if they were all obeying the Nernst assumption they should have equal rates of growth. This point will need to be raised later.
Equation (10a) was tested numerically by plotting L for a number of experiments against the main supersaturation c*, -cs. The result is shown that, notwithstanding the variety of values of L for a given (including three cases of complete stoppage of growth), there is a maximum value of L for a given supersaturation, which is proportional to the supersaturation. This proportionality is shown by the straight line through the origin in figure 4. Points corresponding to individual crystals, i.e. to single values of the supersaturation, have been joined by vertical fines. (Some points are missing because of failure to measure L on account of too many changes.) The slope of the straight fine through the origin is 8-67 x 10~5 * * 8 cm.2/sec., and thus it appears th at faces corresponding to points on this fine are growing in accordance with the Nernst assumption. In order to distinguish between these faces and those of less L, we may rewrite (10a) Anax. = 8*67 x 10-«(Coo-c s).
(10a)
The other aspect of the problem is the concentration at the face, and this will be dealt with in the next section.
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Concentration at the centre of a growing face
It was found by Bunn and Berg that the centre concentration, cm, at the face was a minimum. cm therefore reflects most directly the activity of the face and will be considered first.
cm has been found in the present work to be saturation within experimental accuracy for those faces obeying (10a). Thus it appears that the mechanism of growth which causes a distribution of concentration along the face is not important in determining the rate of growth of the face; faces which obey (10a) grow quanti tatively as if the concentration at them were uniform and had the saturation value actually observed at their centre. Now faces which do not obey (10a), and have less L values, are found to have values of cm greater than saturation. If it be generally assumed that faces behave as though they had a uniform concentration cm along them, cm can be substituted for ca in (7), (8) and (9), and it can be investigated whether these equations are valid in general, as well as for the special case (10). (7), for example, does predict an inverse correlation between L and cm for a given crystal, and, in terms of observed quantities, we test
(11) being a general equation of which (10a) is a special case. Figure 5 is a plot of L against -cm. Points corresponding to individual crystals have been given separate symbols and have been joined. It is seen that there is an inverse correlation between L and cM, as predicted by (11), but that (11) is not accurately obeyed. If it were, all the points should fie on the same straight fine through the origin, the line being identical with th a t of figure 4 (corresponding to (10a) ). There are two other discrepancies, namely, th a t L and cm should be time-dependent because of the term 1 /a in the denominators of (8) and (9), whereas they are observed to be constant with time. (The question of the constancy of L has already been mentioned.) I t is considered, however, th a t all three discrepancies can be assigned to one cause, the loss of central symmetry when faces of one crystal have different rates of growth and different concentrations a t them. The analogy of the circular crystal is a valid concen tratio n difference -cm (g. solute/ 100 g. solution)
F ig u r e 5. R elationship betw een L = d y2jdt, a n d th e co n centration difference (c^ -cm) betw een th e region fa r from th e cry stal an d th e face centre. P o in ts for individual crystals are given sep arate sym bols.
approximation only when all four faces behave similarly and the plan of the crystal remains a square. In general this is not the case, and three types of error are introduced. First, the fixed nuclear point from which the s are measured loses its significance when faces have advanced different distances from it, and hence the values of L are in error. Secondly, the tendency of differently growing faces to have different concentrations a t them causes a modification of these concentrations since all faces are connected by the same diffusion field. Thirdly, these modifications in themselves modify the rates of growth.
The basic assumption of all the above treatm ent, the equation (1), cannot therefore be accurately tested without modifying the experimental technique so as to isolate a single face from the others. This is possible but has not yet been done. B ut in the meanwhile it can be said th a t the results of the present work are not inconsistent with (1). They suggest th a t there is a 'free' mode of growth in which the N ernst assumption holds good and (10a) is obeyed, bu t th a t often a face is in some way hindered, and has a lower value of the constant in (1). I t has been mentioned th at a face can change its L value in the course of its history. I t is significant th at this is observed to happen abruptly. The fringe system at the face is seen to rearrange itself in a few seconds. This point will be discussed in the concluding section.
Some of the effects which have been mentioned are illustrated in the group of six photographs of one growing crystal in plate 5. The interferometer plates were parallel, and the fringes outside the crystal are contours of equal concentration. The outline of two faces in (e) has been roughly traced with a pin. Otherwise the photographs are untouched and the rectangular outline is that of the crystal. Fringes within this outline are caused by irregularities on the crystal's upper surface. These were caused by a burst of upward growth between the first and second ex posures. There was also another crystal growing in the neighbourhood, whose surrounding fringe system has gradually obtruded into the field of view. These defects would normally cause the rejection of the experiment, but many effects are visible in this one set of photographs, and it has accordingly been selected for reproduction.
The concentration decreases as the crystal is approached, and the fact that the concentration is higher at the corners than at the face centres is seen. The left-hand face (as mounted in the prints) underwent a decrease of rate of growth at a moment after the first exposure, and then reverted to its original behaviour after the second exposure. The change of concentration at this face is vividly seen. The lower face grew more slowly than the others throughout, and in the third exposure, was photo graphed during a period of complete stoppage. In this photograph the absence of concentration gradient normal to the face is seen.
D istribution of concentration and normal concentration GRADIENT ALONG GROWING FACES
A growing face appears as a straight line in the focal plane of the apparatus. This line will be taken as the axis of a position co-ordinate and the origin will be taken at the centre of the fine. It was found by Berg that g, the component of the con centration gradient normal to the face, was a function of x. There must therefore be a flow of solute along the z-axis which converts the intake from outside, which is a function of x, into an intake into the solid crystal which on the time average is independent of x. Otherwise the face would not grow as a plane. Let (see figure 6 ) there be a flow F = F(x) g./sec. in the ^-direction in a layer of thickness h width t (the interferometer gap).
Let the rate of advance of the face be cm./sec. in the direction normal to its length. Into an element dx of the layer there enters from outside a mass tDgdx g./sec. Into the solid crystal below there enters a mass g./sec. The net flow out of the element via the layer is (dFldx)dxg.l&ec. From conservation of matter we have
The processes at the face may be cyclic, as successive crystal planes are laid down, but the fact that a stationary fringe system is observed at the face indicates that
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these processes can be replaced by an average steady state represented by (12). Let the half-length of the face be l, then, equating the outside to the total mass per second incorporated into the solid face, we have
S. P. F. Humphreys-Owen
W riting j gdx j J dx = g, where g is the mean normal gradient, we obtain
whence dFjdx = tD(g -g),
tDg.dx Figure 6 . D iag ram to illu stra te th e relatio n betw een th e lateral flow, F , along a face a n d th e com ponent o f co n cen tratio n g rad ien t norm al to th e face, g.
The layer flow per unit area (the area taken normal to the direction of flow) is Figure 7 is a sketch of the type of curve g(x) which is obtained and the resulting curve F(x). The layer flow is directed from the centre towards the corners, changes direction (is algebraically zero) a t the centre, is a maximum where = and, on the assumption of no flow round corners, is zero a t the corners. Its value a t some point P is represented graphically by the shaded area in figure 7 , the area being taken as negative below the line g -g.
From (13), a graph of R against g is a straight line of slope Djp. Such a graph for one crystal's history is shown in figure 8 . This was the method employed to measure Dip, mentioned in § 4.
In figure 9 , g has been plotted against distance along the four faces of individual crystals, and the faces extended into the same straight line. The lack of symmetry about the face centre is caused by the existence of the common diffusion field, enhanced by some diffusion over the top of the crystal. convenient as an empirical representation. Let the normal gradient a t the face centre be gm, and th a t a t the corners be ge. Then the parabola is 9 = 9 m -( 9 m -9 e ) (**/?)•
From (13), g = ga -S -^ = pR /D .
g 400 § 300
d istance along faces (a rb itra ry scale) F igure 9. R elatio n betw een norm al g rad ien t of co n centration a n d position along faces. T he th ree graphs are from different ex perim ents an d have no correlation w ith each other.
m axim um norm al g rad ien t gm (concentration/cm .)
F ig u r e 10. R elatio n betw een norm al g rad ien t a t face centre, gm, an d ra te of grow th, R.
Another experimental relation is required to fix the parabola in terms of observed quantities, and is provided by the fact th a t gm is proportional to Figure 10 illustrates this proportionality. Let gm = qR. Then the parabola can be w ritten
From (14)
F = tR^(Dq-p)(17)
The maximum layer flow is where g = 4 a i . =
tR(Dq-p) .
Putting in the numerical values t = 0*01 cm., q = 1-62 x 107sec./cm.2, R = 10~5cm./sec., p -2*5g./cm.3, D = 1-7 x 10-7g./cm./sec., I = 0*015 cm., the order of magnitude of the layer flow becomes 1*4 x 10_1°g./sec. Now at the face centre Dg'JJg./cm^/sec. enter from outside, whereas only pRg.jcm .2jsec. crystallize locally. Thus about 9 % of the intake from outside at the face centre does not crystallize locally, but leaves via the layer. For a comparison between layer flow per unit area and diffusive inflow per unit area, an estimate of the layer thickness h is required. At = the layer flow is a maximum, and its value per unit area is
The diffusive inflow at g = gi s, per unit area, pR -2*5 x 10~5g./cm.2/sec.
If h were 6 x 10~4cm., the two kinds of flow per unit area would be equal. If h were of molecular dimensions, corresponding to a Volmer adsorbed layer, say 10~7cm., the layer flow would be of the order 10_1g./cm.2/sec., about 6000 times greater than diffusive flow in the external solution. But since, with the present technique, refraction effects prevent observation much closer to the crystal than 10~4 cm., the layer flow could be of any magnitude between the above extremes without observable effects on the fringes. The question of the thickness of the layer, and of the flow per unit area in it, must therefore be left open.
The function c (x) , that of the concentration, will now be described. In this also the symmetry about the face centre is destroyed when adjacent faces are behaving differently from each other. The five diagrams of figure 11 show contours of equal concentration drawn at intervals of 0*15% concentration per contour. They are selected to illustrate cases of extreme differences of behaviour amongst faces (6, c, d and p), as compared with Figure 11 ds hows two stopped faces, and e shows one. The difference between cm and ce (the corner concentration) is greater for higher L values. When L is zero (stopped faces), the difference ce -cm is almost zero, but not quite, because of the linkage of adjacent faces via the common diffusion field. Figures 12 a and b show the Crystal growth from solution 231 supersaturation a t the face plotted as a function of x for two different crystals, with the four faces extended into the same straight line. In figure 126 , cw is high, and the resulting high value of L is associated with a high value of ce -cm.
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Figure 11. C ontours o f equal co n cen tratio n ro u n d five different crystals, con trastin g a, w here differences in ra te o f g row th betw een th e faces is sm all, w ith th e others, w here large differ ences exist. S topped faces are show n in d an d e.
The difference ce -cm was found to be proportional to L, as can be seen from the graph of figure 13 , in which faces with c(x) curves as far as been selected. The proportionality is such th a t ce-c m = 2-1 x 106£.
Crystal growth from solution 233
8, 0-8 distance along faces (arbitrary scale)
F ig u r e 12. R elation between supersaturation a t th e face and position along the face, b is for an experim ent in which th e concentration far from th e crystal was higher th a n in th e case of a.
An empirical equation for c ( x)is conveniently obtained by m observation reported by Berg and confirmed in the present work; the absolute gradient, i.e. the gradient normal to lines of equal concentration, is independent of Since at the face centre the absolute gradient equals gm (the inflow being normal to the face), we have J[{dcldx)* + g2] = const. = gm.
Abbreviate ( Putting l = y, which is true when all faces are behaving similarly and is nea forjthe symmetrical c(x) functions which were selected in obtaining 21R = co n cen tratio n difference (ce -cm) betw een com er a n d centre o f face Figure 13 . R elatio nsh ip betw een L = d y 2/dt, a n d th e co n centration difference ( ce -cm) betw een th e co m er a n d th e face centre. P o in ts corresponding to in d iv id u al crystals are given sep arate sym bols.
Substituting numerical values for oc and /?, (19) becomes c = cm+ 1-45 x 107£{1 -(1 -0-139*2/Z2)*}, and with x -l ce -cm = 2-9 x 1062y.
This agrees well enough with (18), and in fact (20) was found to fit the c(x) curves well. Since L, upon which c(x) depends, is affected both by the external diffusion head, c^ -Cg, and by the 'hindrance' (a term introduced to denote the departure of a face from the N em st behaviour), it will be of interest to separate the two effects on c(x). Assuming the tru th of (11) The second term in the right-hand side is the effect of the external diffusion environ ment, and the third term that of the 'hindrance'.
A NOTE ON DISSOLUTION
Plate 6 consists of six photographs of dissolving crystals taken with the optical plates parallel. The blunted rectangular outline is that of the crystal in each photo graph. Appearances within the outline are caused by etching of the upper crystal surface by the undersaturated solution in which the crystals were placed.
The corners dissolve fastest, and the original rectangular outline becomes blunted and eventually circular. At the commencement of dissolution, before the rounding off of the corners has proceeded far, it is seen that the concentration is lower a t the corners than elsewhere along the face. (In dissolution, of course, the concentration rises as the crystal is approached.) This non-uniformity of concentration is less marked than with growth and vanishes when the original outline has become circular, as is seen in the lower portions of e and/.
The crystals begin by dissolving evenly all round, but very soon the dissolution becomes asymmetrical. Cases of symmetrical dissolution are a and 6, of moderate asymmetry are c and d and of marked asymmetry are e an d /.
A full investigation of these effects would require a correlation of the rate of dis solution with the normal gradient everywhere at the surface, which would be more difficult than with growth because of the curvature of the surface. But in the mean while some remarks can be made.
If it is assumed that diffusion is not such a slow process relative to dissolution as it is relative to crystallization, it will be possible for diffusion to carry away material released by the dissolving crystal at a rate sufficient to counter the tendency of the crystal to bring the concentration up to saturation. This disposal of released material will be more effective at the corners where the angle through which diffusion can take place is greater. The concentration will then be lower at the corners because the disposal of material overcomes the greater rate of release there. When the face has become rounded both effects vanish; the corners are no longer distinct as regards rate of dissolution, and the greater angle for disposal is no longer there.
The observations support these views. It is found that the concentration at the face is less than saturation at the beginning of the experiments. It rises to saturation first along the centre portion of the face, and later, after the rounding off of the surface, it becomes saturation all along the face. That is, the facility with which diffusion can keep the concentration below saturation at the crystal decreases as the released material floods the neighbourhood.
For a given angle of disposal, the concentration at a faster dissolving portion of the crystal should be higher than at a slower dissolving portion. This is found to be the case when accurate measurements are made by the wedge technique and dif fusion over the upper crystal surface is prevented. (This effect should not be sought in plate 6 because dissolution of the upper crystal surface masks it.)
The remaining observation, the asymm etry of dissolution, finds no explanation in the above. I t is a persisting effect; once one corner has started dissolution faster than the others, th a t portion of the surface retains its lead in dissolution until the end.
One would expect th a t the increasing difficulty of removal of material by diffusion would eventually equalize rates of dissolution a t all portions of the crystal surface. I t may be th a t there is evidence here of fast dissolving portions of the surface releasing material into a mobile layer as well as into the contiguous solution. In this way the released material would be disposed of and also hinder dissolution elsewhere.
D isc u ssio n
The ' Nernst ' mode of growth depends only on presentation of material by diffusion. The observation th a t some cubic faces grow in this way raises the question: how would more unstable types of face, such as (110), succeed in growing any faster? We are not concerned here with the initial creation of the characteristic shape in the submicroscopic state (when energy considerations pertaining to the surface are more im portant than diffusion), b u t with artificially produced unstable faces which are observed to eliminate themselves by rapid advance. This could be a m atter of experi m ent with the present technique; for example, it would be interesting to observe the regrowth of a crystal which had previously been dissolved into a circular shape.
Regarding the effect which has been termed 'hindrance', its two salient properties are its abrupt onset and changes, and its considerable duration. The first suggests a change on the surface, but is not consistent with the second, since such a surface change would not be expected to persist during the laying down of m any new crystal planes. I t might be caused by adsorption of foreign material into the mobile layer, bu t 'hindrance' is so much the general case th a t it is difficult to see how any faces could be free from it for an appreciable period. Experim ents could be made on this technique with increasingly careful purification, as well as with the deliberate introduction of impurities.
Complete stoppage of growth seems to be an effect of a different order, and could be ascribed to adsorption of foreign material on the preferred nucleation point or points of the face (the corners, for example). This explanation is not satisfactory for 'hindrance', for the adsorbed m atter would be incorporated or removed when fresh crystal planes are laid down. I t is significant th a t when the restart of growth is observed after a period of stoppage, using the parallel interferometer plate method, there is seen a sudden fall of concentration a t a single point, not a t a corner. A fringe, representing the lower concentration, issues from th a t point on the face. This suggests, though it does not prove, th a t nucleation a t the corners is the usual process, and is prevented during stoppage of growth. There is then a finite, b u t small, chance of nucleation elsewhere, which, when it happens, causes the incorporation of the corneradsorbed m atter and subsequent free growth.
Another observation suggesting corner nucleation is the upward growth of the horizontal face in the beginning of an experiment. W ith the plates parallel the interference tint in this face changes as the crystal grows upwards, and the change is in the form bf bands sweeping across the surface from a corner. (This, again, is not conclusive; a crystal skew with respect to the plates would show the same effect if the growth were by direct incorporation of material evenly over the surface.)
The explanation of the c{pc) and g(x) functions is probably to be sought, however, in some model in which ' steps ' emerge from a nucleation point and interact with the mobile layer (Thomson 1948) . But until some information can be obtained on where the preferred nucleation points are, and on the height and velocity of the propagated steps, it would be premature to attem pt a theory.
Regarding the behaviour of crystals other than NaC103, it becomes difficult to employ the present technique when solutions cannot.be held in a supersaturated state. NaC103 is particularly suitable in this respect. But the c(x) function has been observed with one other crystal, potassium ferricyanide, in unpublished work at I.C.I. Ltd.
The author's thanks are due to Imperial Chemical Industries Ltd. for the loan of an internal report on crystal growth, and to Mr C. W. Bunn and Dr A. F. Wells of their research staff for helpful discussion.
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